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Background: Little is known about secular trends and seasonal variation in the birth prevalence of omphalocele in
China. This study aimed to explore the long-term trends and seasonality of this birth defect, to provide insight into
the etiology and prevention of omphalocele.
Methods: A retrospective analysis of all births with omphalocele (1322 cases in 8.8 million births) registered in the
hospital-based Chinese Birth Defects Monitoring Network between January 1996 and September 2010. Negative
binomial cyclical regression models were used to analyze the long-term trends and seasonal fluctuations of
omphalocele occurrence in the southern and northern regions and urban and rural areas of China.
Results: The total prevalence of omphalocele was 1.50 cases (95% confidence interval (CI): 1.42–1.58) per 10,000
births. There was no significant secular trend of omphalocele occurrence in China between 1996 and 2010. The
observed prevalence of omphalocele in rural areas was 2.03–2.54 cases per 10,000 births between May and August,
which was higher than that observed in other months. The highest prevalence of births with omphalocele in rural
areas occurred at the end of June; on average, the prevalence of omphalocele at that time point increased by 20%
(95% CI: 6–35%) compared with other months.
Conclusions: There were no long-term trends found for occurrence of omphalocele in China between 1996 and
2010; however, seasonality was observed for omphalocele in women living in rural areas. These results may help
generate hypotheses for further study of environmental factors that vary by season.
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Omphalocele is a rare congenital abdominal wall defect
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(http://creativecommons.org/publicdomain/zeroabdominal wall dysplasia. Omphalocele has been re-
ported to occur in 0.74–5.13 per 10,000 live births in
various countries [1]. Omphalocele is usually associated
with severe recognized or unrecognized congenital ab-
normalities, such as chromosomal abnormalities, cardiac
anomalies, and nervous system malformations, and it
has a high mortality rate of 15–37% [2-4].
Exposure of pregnant women to certain environmen-
tal factors is an important cause of congenital malfor-
mations [5]. Several studies suggest that the occurrence
of omphalocele is greater in women who live close to
landfill sites and in those who take certain prescription
medications or excessively use tobacco or alcoholdistributed under the terms of the Creative Commons Attribution
by/4.0), which permits unrestricted use, distribution, and reproduction in
operly credited. The Creative Commons Public Domain Dedication waiver
/1.0/) applies to the data made available in this article, unless otherwise stated.
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evidence about what the environmental agents for om-
phalocele are, thus its causes largely remain an enigma.
Previous studies have indicated that an exploration of
the seasonality of congenital abnormalities, by identify-
ing seasons with high and low occurrence and narrow-
ing the range of suspicious risk factors, is an effective
method to search for the causes of this birth defect
[9-11]. Several studies have been conducted to identify
the seasonality of omphalocele in the last 30 years;
however, the conclusions been inconsistent. Some stud-
ies failed to show any significant seasonal variation in
the incidence of omphalocele [12,13], whereas season-
ality of omphalocele was observed in another study
[14]. Additionally, studying secular trends of the birth
prevalence of omphalocele is important for targeting
effective public health strategies. However, few reports
about the occurrence of omphalocele in China have
been published, and the prevalence and time trends of
this disease in the country during recent years remain
unknown.
This study aimed to analyze the seasonal variation
and long-term trends in live births with omphalocele
using 15 years of consecutive data from the national
birth defects registry of China, and to provide insight




Data used in our study on the occurrence of omphalo-
cele between January 1996 and September 2010 were re-
trieved from the national birth defects surveillance
database maintained by the hospital-based Chinese Birth
Defects Monitoring Network (CBDMN). Although the
database we used is not freely available, we have obtained
the permission from the the Division of Maternal and
Child Health Services, National Health and Family Plan-
ning Commission of China, to use it. The CBDMN in-
cluded approximately 460 hospitals during the period
1996–2005 throughout 116 cities or counties in 31 prov-
inces, municipalities, or autonomous regions of China.
Approximately 300 new member hospitals in 220 cities
and counties were added to the CBDMN in 2006, but we
did not use data from these hospitals in this study be-
cause of concerns regarding consistency of the data
source and the relatively low data quality. Surveillance
subjects in the CBDMN consisted of all live births, still-
births and terminations of pregnancy for fetal anomalies
at 28 weeks’ gestation or more. If the gestational age at
birth was unknown, infants with birth weight greater
than 1000 g were also included in the monitored subjects
[15,16]. The maximal diagnosis time for birth defects
was within 7 days after birth. Cases with omphalocelethat were born or induced in member hospitals were
required to be registered in the CBDMN.
Ethical approval for our study was provided by the Eth-
ics Committee of West China Second University Hospital,
Sichuan University (The Granted number: 2010015).
Data collection
A three-level (county, provincial, and central) surveil-
lance network and clinical expert groups were estab-
lished to undertake the data collection [16]. In member
hospitals of the CBDMN, each neonate (or terminated
fetus) was required to be examined immediately after
birth by trained health care professionals, to screen for
congenital anomalies. Each case of an abnormality re-
quired confirmation by experts in the departments of
pediatrics or obstetrics or ultrasound experts at mem-
ber hospitals. Cases in which abnormalities had been
confirmed by a prenatal diagnosis were reconfirmed by
experts after birth. When the diagnosis of a case was
unclear, the staff (usually the nurse) responsible for
birth defect monitoring at the hospital collected more
details (e.g., medical records, photos of the case) to be
used for rediagnosis by the higher-level expert group.
For each birth defect case, the staff was responsible for
gathering information (e.g., family socioeconomic and
demographic information, clinical features, and obstetric
items) through interviews with the mothers or medical
record reviews. Additionally, the number of maternal
age-specific, residential-specific (urban and rural), and
sex-specific births were also collected monthly [17]. The
data were regularly entered into the online reporting
system for maternal and child health (MCH) surveil-
lance (http://zhibao3.mchscn.org) by specialized staff at
the county-level MCH hospital.
Statistical analysis
Cases of omphalocele in this study were diagnosed in ac-
cordance with the International Classification of Dis-
eases, Tenth Revision (Q79.2). All isolated, multiple
cases of omphalocele were included in our analysis. The
prevalence proportion was used to describe the occur-
rence of omphalocele. This value was expressed as the
number of omphalocele cases in newborns at 28 weeks’
gestation or more per 10,000 births (including live births
and stillbirths). Three associated factors (residential area,
geographic region, and maternal age) were included in
further analyses. Residential area was categorized as
urban (cities, urbanized areas or neighborhood commu-
nities) or rural (villages or countryside), according to the
last place the mother had resided for at least the previ-
ous 12 months. Region refers to the mother's residence
location. In China, areas north of the 35th parallel north
were classified as the northern region, and areas to the
south comprised the southern region. Maternal age was
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29 yrs, 30–34 yrs, and ≥35 yrs.
Negative binomial cyclical regression models were
used to analyze long-term trends and seasonal fluctua-
tions in the occurrence of omphalocele between January
1996 and September 2010. The negative binomial model
was selected because omphalocele is a relatively rare
event; 72.4% of the region-, residential-, and age-specific
number of cases was 0 in a given month. The basic form
of the models is expressed as M1:
ln dj
  ¼ ln Nj






þ β2Χ2 þ…þ βpΧp
ðM1Þ
where j is the time period (j = 1,2,…,j), dj is the number
of omphalocele cases in the period j, Nj is the number of
births in period j, and α0 is the logarithm of the baseline
hazard function. T (year) is the long-term trend of om-






; ψ is the amplitude of periodic
fluctuation; k is the order of seasonal fluctuation and k.
usually set as 0, 1, and 2 [18]. If k is zero, this implies no
seasonal fluctuation in omphalocele. Therefore, k is the
number of peaks in occurrence of omphalocele in 1 year,
and θk is the position of the peaks. ω is the length of
cycle. In our analysis, we set 12 months in 1 year as equal
to a cycle, so ω = 1/12. tj is the seasonal variable: month.
Χp (p = 1,2,…) represents the risk factors. In our analysis,
geographic region, residential area, and maternal age
were added to the models as risk factors. Thus, the ratio
of omphalocele birth prevalence between the southern
and northern regions, adjusted for residential area and
maternal age, can be calculated by eβ.
To facilitate parameter estimation of the model, we
transformed ψ cos(2πωtj − θ) into a linear form [19]. We set
ψ cos(θ) = γ1, ψ sin(θ) = γ2; therefore, ψ cos(2πωtj − θ) = γ1
cos(2πωtj) + γ2 sin(2πωtj). The parameters ψ and θ can be






tg‐1 γ2=γ1ð Þ γ1 > 0; γ2 > 0
π þ tg‐1 γ2=γ1ð Þ γ1 < 0






We set cos(2kπωtj)=ck, sin(2kπωtj)=sk. Therefore, model
M1 is equal to model M2, which was used for the final
analysis in our study.ln dj
  ¼ ln Nj





 þ β1Χ1 þ β2Χ2
þ…þ βpΧp
ðM2ÞWe used three models (k set to 0, 1, and 2, respectively)
to estimate the long-term trends and seasonal fluctua-
tions of omphalocele nationwide, in the northern region,
southern region, urban areas, and rural areas. The likeli-
hood ratio test statistic G2 was used to explore the sig-
nificant seasonal fluctuations.
All statistical analyses in this study were performed
using SAS 9.3 software (SAS Institute Inc., Cary, NC,
USA). The statistical significance level for α was set at
0.05.Results
Between January 1996 and September 2010, a total of
1322 omphalocele cases were identified, which yielded a
total prevalence of 1.50 cases (95% confidence interval
(CI): 1.42–1.58) per 10,000 births. Table 1 shows the
prevalence of omphalocele in each year from 1996 to
2010. Total omphalocele prevalence in the southern re-
gion was 1.67 cases per 10,000 births in the last 15 years,
which was 1.28-fold (95% CI: 1.15–1.43) higher than that
in the northern region, after adjusting for maternal age
and residential area. The omphalocele prevalence was
1.81 and 1.35 cases per 10,000 births, respectively, in
rural and urban areas between 1996 and 2010.
Table 2 shows a comparison of the fitted results of the
three models in each region or area of China, and na-
tionwide. Significant seasonal fluctuations in the occur-
rence of omphalocele were observed in rural areas. The
prevalence of omphalocele in rural areas was 2.03–2.54
cases per 10,000 births between May and August, which
was higher than the prevalence in other months (see
Figure 1). The results of the model showed that the time
point with the highest birth prevalence of omphalocele
occurred at the end of June (θ =3.593); this omphalocele
prevalence was an average of 20% higher ((eψ − 1)*100%;
95% CI: 6–35%) than in other months. However, sea-
sonal variation in omphalocele prevalence was not ob-
served in urban areas or in either the southern or
northern geographic regions of China. Figure 2 shows
predicted omphalocele prevalence in southern/northern
regions and urban/rural areas from 1996 to 2010, esti-
mated by models B1, C1, D1, and E2, respectively. There
were no significant long-term upward or downward
trends in the occurrence of omphalocele in any of the
regions or areas. Results of the parameter estimation for
long-term trends are presented in Table 3.
Table 1 Geographic, urban- and rural-specific birth prevalence of omphalocele (per 10,000 births) in China, 1996–2010











1996 31 1.44(1.42-1.47) 25 1.21(1.19-1.25) 36 1.21(1.20-1.24) 20 1.59(1.56-1.65) 56 1.33(1.32-1.34)
1997 30 1.50(1.48-1.53) 16 0.73(0.71-0.77) 32 1.08(1.07-1.11) 14 1.14(1.10-1.20) 46 1.10(1.09-1.12)
1998 42 2.03(2.01-2.06) 29 1.30(1.29-1.34) 42 1.39(1.38-1.41) 29 2.28(2.25-2.34) 71 1.65(1.64-1.67)
1999 42 1.90(1.88-1.93) 41 1.82(1.80-1.85) 53 1.69(1.68-1.71) 30 2.25(2.22-2.31) 83 1.86(1.85-1.87)
2000 44 1.77(1.75-1.80) 39 1.55(1.53-1.57) 55 1.56(1.54-1.58) 28 1.90(1.87-1.95) 83 1.66(1.65-1.67)
2001 37 1.54(1.53-1.57) 30 1.24(1.22-1.27) 45 1.37(1.36-1.39) 22 1.42(1.40-1.47) 67 1.39(1.38-1.40)
2002 34 1.31(1.30-1.34) 41 1.54(1.52-1.56) 44 1.22(1.21-1.24) 31 1.87(1.84-1.91) 75 1.43(1.42-1.44)
2003 36 1.46(1.45-1.49) 30 1.55(1.53-1.59) 37 1.27(1.26-1.30) 29 1.93(1.91-1.98) 66 1.50(1.49-1.52)
2004 54 1.71(1.70-1.73) 47 1.58(1.56-1.60) 68 1.61(1.61-1.63) 33 1.70(1.68-1.74) 101 1.64(1.64-1.65)
2005 55 1.71(1.69-1.73) 33 1.15(1.14-1.18) 47 1.15(1.14-1.17) 41 2.05(2.03-2.09) 88 1.45(1.44-1.46)
2006 48 1.39(1.38-1.41) 49 1.55(1.53-1.57) 61 1.40(1.39-1.41) 36 1.59(1.57-1.62) 97 1.46(1.46-1.47)
2007 69 1.63(1.62-1.64) 51 1.28(1.27-1.30) 70 1.26(1.25-1.27) 50 1.89(1.88-1.92) 120 1.46(1.46-1.47)
2008 81 1.83(1.82-1.84) 52 1.30(1.29-1.31) 72 1.30(1.29-1.31) 61 2.10(2.08-2.12) 133 1.57(1.57-1.58)
2009 93 2.00(2.00-2.02) 52 1.23(1.22-1.24) 82 1.46(1.46-1.48) 63 1.92(1.91-1.94) 145 1.63(1.63-1.64)
2010 59 1.58(1.57-1.60) 32 0.96(0.94-0.98) 56 1.22(1.21-1.24) 35 1.40(1.38-1.43) 91 1.28(1.28-1.29)
Abbreviation: CI Confidence interval.
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Overall, no significant long-term trends could be dem-
onstrated for the entire period in the southern or north-
ern regions of China or in rural or urban areas.
Comparing with other countries, the birth prevalence of
omphalocele in Japan increased from 0.97 cases per
10,000 births in 1974–1979 to 3.94 cases per 10,000Table 2 Comparison of the fitted results of the three models
Model k Variables
National wide 0 Model A1 Region urban–rural a
1 Model A2 Region urban–rural a
2 Model A3 Urban–rural age yea
South 0 Model B1 Urban–rural age yea
1 Model B2 Urban–rural age yea
2 Model B3 Urban–rural age yea
North 0 Model C1 Urban–rural age yea
1 Model C2 Urban–rural age yea
2 Model C3 Urban–rural age yea
Urban 0 Model D1 Region age year
1 Model D2 Region age year c1 s
2 Model D3 Region age year c1 s
Rural 0 Model E1 Region age year
1 Model E2 Region age year c1 s
2 Model E3 Region age year c1 s
aCompared model A2 with model A1; bCompared model A3 with model A2; cComp
eCompared model C2 with model C1; fCompared model C3 with model C2; gCompa
iCompared model E2 with model E1; jCompared model E3 with model E2.births in 2005–2009. Such an increasing trend was also
observed in Austria (from 1.10 cases per 10,000 births
in 1974–1979 to 4.20 cases per 10,000 births in 2005–
2009) and North America (from 1.88 cases per 10,000
births in 1980–1984 to 4.00 cases per 10,000 births in
2005–2009) [1]. A retrospective study in northern
Germany found that the incidence of fetal omphalocelein each region/area of China
Log likelihood G2 p-value
ge year −2080.89
ge year c1 s1 −2078.47 4.85a 0.088
r c1 s1 c2 s2 −2077.84 1.26b 0.533
r −1075.90
r c1 s1 −1075.26 1.27c 0.530
r c1 s1 c2 s2 −1074.86 0.81d 0.667
r −996.45
r c1 s1 −994.30 4.31e 0.116
r c1 s1 c2 s2 −993.52 1.55f 0.461
−1113.58
1 −1113.45 0.27g 0.874
1 c2 s2 −1112.17 2.56h 0.278
−964.87
1 −960.71 8.31i 0.016
1 c2 s2 −959.90 1.62j 0.445
ared model B2 with model B1; dCompared model B3 with model B2;


























95% CI for predicted prevalence 
Figure 1 Seasonality of omphalocele in rural China.
Li et al. BMC Pregnancy and Childbirth  (2015) 15:102 Page 5 of 8had remained relatively stable from 1993 to 2007 [13]. An
analysis of surveillance data from the New York Congeni-
tal Malformation Registry showed that omphalocele
prevalence in that state declined during 1992–1999. Our
study found that the birth prevalence of omphalocele in
China fluctuated between 1.10–1.86 cases per 10,000
births between 1996 and 2010, with no significant change
during this period. The average point prevalence of om-
phalocele during this period was 1.50 cases per 10,000
births; this was much lower than those found for the
United Kingdom (5.13), the city of Atlanta in the United
States (4.01), India (2.80) and the Czech Republic (2.36),
but higher than those found for Israel (0.93) and Mexico
(0.74) [1]. In addition to differences in the omphalocele in-
cidence of China compared with other countries, differ-
ences in the surveillance methods used by the CBDMN
compared with those used for birth defects registries in
other countries may be a reason for the difference of om-
phalocele prevalence in China. A criterion used in most
birth defects registries to define stillbirths is gestational
age of 20, 22, or 24 weeks; however, 28 gestational weeks
is used in the CBDMN. Owing to the development of pre-
natal screening and diagnosis in China [20], during our
study period there may be an increased probability of
therapeutic labor induction before 28 gestational weeks
among pregnant women whose fetuses were prenatally di-
agnosed with omphalocele. However, such cases of fetal
omphalocele induced at less than 28 weeks were not regis-
tered in the CBDMN. Therefore, even if the omphalocele
birth prevalence at 28 gestational weeks or more exhibited
no change during 1996–2010, the birth prevalence might
in fact be increasing if fetal omphalocele cases at less than
28 gestational weeks were included. Additionally, residen-
tial and geographic variations in the birth prevalence of
omphalocele in China were observed. Similar findings
showed a higher risk of omphalocele in residents of ruralNew York than those living in urban areas of the state
[21], and another study showed large geographic varia-
tions in Europe [22].
Recent studies suggest that many types of congenital ab-
normalities display seasonal variation. For instance, birth
time peaks of microtia occur in autumn and winter [23],
anencephaly has a birth peak in March to August [24],
pulmonary valve abnormalities peak in September [24],
and congenital cataracts have a conception peak in April
[9]. One retrospective study reported the seasonality of
omphalocele with peak season from July to December in
the state of Washington [14]; however, Hornemann et al.
[13] found no difference in the seasonal incidence of om-
phalocele between summer (April to September) and win-
ter (January to March, October to December) in northern
Germany. Our study showed that there was seasonal vari-
ation in births with omphalocele in rural areas of China,
but we found no such seasonality in urban areas. The
higher birth prevalence of omphalocele in rural areas was
observed from May to August with a peak at the end of
June. The higher number of births with omphalocele in
summer, especially from June to July, suggests that women
living in rural areas are exposed to one or more environ-
mental risk factors for the disease, the effect of which is
exerted in autumn and winter months (October to De-
cember); the average gestational age of omphalocele cases
was approximately 35 weeks in our study, and the devel-
opment of this birth defect most likely occurs in the first
trimester [25]. It may be worthwhile to investigate an asso-
ciation between omphalocele and maternal exposure to
agricultural chemicals, given the annual peak in concen-
trations of estrogenic endocrine-disrupting compounds
that coincide with nutrient enrichment on livestock farms
and croplands during the autumn and winter months (the
dry seasons) [26]. Additionally, we speculate that there
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Figure 2 Long-term trends of omphalocele prevalence in northern and southern regions (A) and urban and rural areas of China (B).
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phalocele. However, we currently have no further evidence
to support this.
Strengths and limitations
The hospital-based CBDMN in China has relatively repre-
sentative data, with consistent ascertainment methods, wide
geographic coverage and a large sample size. Our study is
effective in obtaining accurate birth prevalence-related data
and assessing the secular trends and seasonality of om-
phalocele. However, the study has some limitations. First,
data from the CBDMN can only support study of the sea-
sonal variation in omphalocele birth prevalence; theconceptional month-specific incidence of omphalocele can-
not be obtained because specific gestational ages are regis-
tered in the CBDMN only for births with congenital
malformations. Therefore, we can only speculate the prob-
able season of the start of omphalocele occurrence. Second,
supposing that there is seasonal variation in the probability
of therapeutic induction of labor before 28 gestational
weeks, our results for seasonality with respect to omphalo-
cele birth prevalence are inaccurate. However, no evidence
currently shows that therapeutic induction of labor for fetal
omphalocele varies at different times of the year. Addition-
ally, no significant differences were observed in the distri-
bution of gestational age of omphalocele cases among the
Table 3 Parameter estimation for secular trends and seasonality of omphalocele in each region/residential area of
China
Model Variable Estimate Standard error Wald 95% confidence limits Wald chi-square p-value
ModelA1 Year −0.005 0.007 −0.018 0.008 0.630 0.427
ModelB1 Year −0.001 0.009 −0.018 0.017 0.010 0.935
ModelC1 Year −0.010 0.010 −0.030 0.009 1.100 0.295
ModelD1 Year −0.007 0.008 −0.024 0.009 0.730 0.393
ModelE2 Year −0.004 0.011 −0.025 0.016 0.160 0.690
c1 −0.161 0.063 −0.283 −0.038 6.620 0.010
s1 −0.078 0.062 −0.200 0.045 1.550 0.214
ψ 0.179 0.063 0.056 0.302 8.121 0.004
θ 3.593 0.154 3.291 3.895 545.316 <0.001
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tional age was 35.32 weeks in July, and the oldest average
age was 36.37 weeks in August.
Conclusions
In conclusion, there was no significant secular trend found
for the birth prevalence of omphalocele in China, but there
was possible seasonality in the prevalence of omphalocele
in rural areas. These results may help create prevention
strategies for congenital abnormalities and generate hy-
potheses about environmental factors that vary by season,
for future studies.
Consent
Actually an oral informed consent was obtained from the
parents for each case in the process of data collection in
CBDMN. CBDMN has been included in the official system
of the National Bureau of Statistics of China. According to
the Law of Mother and Infant Health, and the Statistics
Law of the People's Republic of China, medical staffs in the
member hospitals are required to collect and report data
on birth defects, and the guardians have an obligation to
cooperate with them without the need to sign written in-
formed consent individually.
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